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Abstract--The effects ~,f carb,,~ m,,u~,xide <~ ~l~e ads, ,rpti,,u aud desorpti.n ,,f nitric ,,xide ~,1! Ihe surface 
r pt,lycrystalline platinum foil have been studied using the techuique ~t' thermal desorpti~,u spectr.so,py 
('fDS) under ultra-high vacuum c~,uditi(ms. It is suggested Ihal Ihe sLJrface ~lf l)~,lycryslalliue piali!mru used iu 
Ihis study coi~sists ol Pt(l ] 1) plane, Pt(lO0) pla~m, and a small am~unl of high index surfaces TI ec,-C() pre- 
ads.rbed at 300 K preveHts indirectly nitric ,~xide [r,,~,~ ads,,rbiug ~,n Ihe siles ,~f ~he surface givi,~RmN~, peak 
The repulsive f,rce between or-CO and c~-N() is w?rv slm~,g bul a small amuunl .for-N() adsurbs eve~! ~,t~ tl,e 
sl~rfa(:e uI plalinum saturated by 5(t L ('O. Th(. iMs.,,rpli,,l~ siles t~,t~-(.'t) c,m!ui(le with lh,,se fl,r fi-"..t{), al:d 
pred,,siug with  more than 10 1. C() bh~cks entirely thc ads~rp{i, ,n sik's t,,r r ,8-N() reacls readily wilh C{) 
producing carb(0~ dioxide and molecular nimNen, and the macti,m between (70 and N() proceeds via 
Langmuir-Hinshelwood mechanisnL 

INTROUDCTION 

The problems on e~wir,,~nnienlal polluti~,n furn~ed by 
automobile exhaust gas are becoming more serious for 
the high increase in number r automobiles. The pot  
lutants from autumubile exhaust gas are mdu ly  NO and 
CO i] ]. Catalytic reduction of NO to molecular nitrogen 
and oxidation ~,f CO to carb~,l~ di~xide are two inlporlalfl 
reactions m p, , l luti ,n cuntrol schemes.  In order It, 

dew~h 0 a detailed understai~ding of these react>as,  a 
i~umber r basic researches are beilkq perf~rmed {2,'.3/. 
Particularly. the studies using recent analytical iu- 
s t ruments  under  ultra-high vactum~ condit iuns aee I)~-~ 
ctmliug nl~,re uup~,rtaut [4]. It has beeu reported thai 
the catalyst o ,n ta iu iug ptatinun~ group metals is highly 
active fl~r this kind of ,~xidati~n-reducti~u reactir 

[5,61. 
To elucidate adsorbing states of gas molecules tm Ihe 

surface r catalyst under  ultra-high vacuum o;nditir 
provides catalyst-desiguers with many useful infurn~a- 
tions. NO, one of two main pollutants in atnt~mobile ex- 
haust gas, has been studied less thau CO. And the 
chenfisorplion t~f NO on metal surfaces is of c .ns ider-  
able interest for the following reasons: First, NO has an 
unpaired eleclr,m in tile al~tibondiug 2 r r  ~,rbital. NO 
cask fl~erefore, either d,mate r accept eleelrcms in es~- 

.... i ~) t~ Jtr (tll ~, ~ffIt"~[JoIld~dllL~2 NilULl[(l be iKl?ltcnNed. 

ablishing a chenfical bond. Second, the dissociati~n 
energy of NO is lower than that of N~ or CO {7].NOt has 
been frequently used in the studies to clarify. dissocia- 
tion kinetics which would give s~,me impr iuforma- 
tiuns ou the interaction be tween molecules and surface. 

NO adsorbs on tile surface of platiqunl iu bridged ~,r 
terminal type via bonding between N atom and surface. 
Oelmrally, it is kl/own that NO adsorbed on platiuum is 
(liss~Mated to N and O ate)in witl/ increase ,J surface 
iemperahlre,  but Ihere is wide differeuce dependiJlg ,,n 
the states ~)f surfaces {g]. [bach aud Lehwakt[.gI used a 
(liruer m,~del t~ iuterpret EELS experimental  cJbserva- 
ti~,us, assiguiug that at h)w cuverage NO exists ill ad- 
sorbed NO mor~omer and at high coverage in adsorbed 

{NO)._, dimer. A nlultiple-ads~rption-site model was pro_ 
p~sed by Gt~rte and Glaud II()l, assigning tllat at h~w 
ctwerage N() ads~rbs iu bridged type aud at high tearer- 
age in Ill,early hound lerminal ~,ne. ()n the , ,ther hand, 
Dtmn et al. [1 I] prop,,sed a brr n~odel re) in- 
terpret IRRAS experimental  observati~,ns, assi~,ning ttmt 
NO molecules ads~)rbed r c ~ t i g u o u s  surface sites in- 
teract strr t im,ugh cross terms in the quadratic 
pr fuuctit~u coupling the NO-slretching 
c~t~rdinates. It is suggesled fr~m~ ukany repr papers 
ablaut NO c[lenlisorptir that under  low pressure a mul- 
tipl{~ads~,rption-site model is p~,werful a~d under  high 
pressure a brukeu-chain model.  But ~ ,  plausible the,)t? 
is accepled yel. The activity f<,r NO diss~,ciati,l! 
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decreases with the following order; P'ffI00), Pt(ll0), 
P t ( l l l )  [12]. 

In this paper, we report results for NO chemisorption 
and CO effects on that on the surface of polycrystalline 
platinum. Flash desorption technique is mainly used in 
this study. ESCA and AES are employed for tl-e confir- 
mation of surface cleanliness. 

EXPERIMENTAL 

The apparatus has been described in detail else- 
wbere [13, 14]. Reactant gases were introduced to the 
system by two variable-leak valves after purificatiou. NO 
was purified through dry ice-acetone trap and ~he other 
gases through liquid nitrogeu trap. Platinum foil was 
cleaned by repeating a cycle of heati~N to 1300 K fi~lh~vv- 
ed by coolii~g to uormal temperature uuder 1 x l() -~; 

Torr 02 until the peaks of contaminants  were disap- 
trum obtained after surface cleaning. Typical AES 
characteristic peaks of platinum appear at the positions 
of 43, 64 and 1967 eV, but carbr AES peak al 272 eV 
does trot appear. The adsr temperature was 300 K 
and the beating rate was 50 K/sec. The platinum flfil was 
heated resistively, and temperature was measured by a 

chrun]el-alumeI thermocuuple sputwelded to t'.~e center 
of san]pie. 

RESULTS AND DISCUSSION 

1. NO TDS Spectra  
Figure 2 shews NO TDS spectra at various NO ex- 

posures Until NO exposure comes to about 1 L, only 
two peacks (fl,7) appear. And at higher exposures more 
than about 1 L, the third peak (a) appears. With the ill- 
crease uf NO exposure, a-peak shifts from 405 K to 365 
K and ,f-peak from 485 K to 470 K. ButT-peak positir 
is constant as 580 K regardless of tile amount  r ex- 
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Fig. 2. Nitric oxide desorption spectra fol lowing 

exposures of the sample  to;(a) 0.14 l~, 

(b) 1L , (c )  1 . 5 L , ( d )  2L,  te) 3 L , ( f )  5L,  

and (g) 101,.For curves (a) , (b) , (c)and(d),  

the sca les  are increased as indicated.  

po.~ure. Comparing a-peak witl~ tSe prevh,us results of 
NO TDS spectra obtaiued bv lbacil aud Letlwald [9] aud 
by Campbeh et al. [15] ~m P t ( l l l )  plaue, we ca~ reas~,u 
that the sites giviHg a-peak I~ave a sindlar uature witi~ 
those on Pt(111) plane. Also,. o,mparmg fl-peak ,,vitl~ NO 
TDS results obtained by Gorte a~d Schmidt []6], it 
seems that the sites giving fl-peak have a sinfi]ar nature 
with th.se ui] Pt(l(}(t) plaue. II is cuusidered that 7.-peak 
is fi~rmed by recombinaDm betwee~ N at~m~ mid O 
at~m adsorbed str~mgly ~l] high i~.dex steps and/or 
kinks. 

Figure 3 shows N2 TDS spectra oblained as mass 
l:umber (m/e) 14 at various NO exposures. At higher ex- 
posures more than about 1).5 L, twr peaks (e~,, a , )  a[> 

Neptember, 1996 
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Fig. 3. Nitrogen desorption spectra fo l lowing  ni- 

tric oxide exposures of the sample  to; 

(a) 0 . 1 L , ( b )  0. SL , (c )  1L , (d )  2 L , ( e )  3L,  

if) 5 L , ( g )  8 L,(h) 10 L, and (i) 20L. 

pear. According to the TDS results reported by Ourte 
and Schmidt [16], NO desurbs dissociatively less than 
2% (,n P t ( l l l )  plaue and more than 50% on Pt(100) 
plane. Because tile positions (,f a la l /d  a2 peaks in Fig. 3 
are quite similar to those of Ne peaks obtaiued by NO 
dissuciati(,n on Pt(100), it is proposed that Ne formatian 
by NO diss~,ciatiuu is mainly due tu the sites givi~,g 
/5'-NO in Fig. 2. We can consider from the above tv,~ 
figures that the surface of polycostall ine platinum used 
iu this study consists mostly uf single co'stal Pt( l l l ) .  
Pt(100), and a little steps an@or kinks. 

Figure 4 shows NO, N2, 02 and CO, TDS spectra 
after 5 L NO exposure, respeclively. The rate of CO2 fur- 
mation is maximum at the position of ,S-NO peak. We 
can conclude that CO2 formation is caused maiuly by 
b-NO, based on the following reasons: First, adsorbed 
oxygen atom and adsorbed CO react readily to form CC12 
on platinum at temperatures higher than 300 K and (:02 
does not adsorb in this range of temperatures [17]. Ttle 
adsorbed CO is from tim exposure to 6 • 10 ~ Torr 
background CO for 50 sec. Second, the lemperature 
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N~ IN~) • 100 
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Fig. 4. Thermal desorption spectra for nitric 

oxide, oxygen,  nitrogen and carbon diox- 

ide after 5 l~ exposure of nitric oxide. 
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Fig. 5. Nitric oxide desorptioo spectra after 10 

L NO exposure on the CO.preadsorbed 

sample.  The amount of  predosed CO is; 

(a) 0L, (b)  1L,(c) 5L,(d)  10L,(e) 20L, and 

(f) 50L. 
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where the rate of CO2 formation is maxinmni is higher 
than a-NO peak temperature. ~The broad 02 peak be- 
tween 900 K aud 1300 K is due to adsorbed oxygen 
atoms formed by NO dissociation. This peak position is 
identical with that by pure 02 adsorption [18] It is con- 
firmed agaiu by the results of Fig. 4 that a-NO and fl-NO 
are caused by Pt(11 I) and Pt(I00) surfaces, respectively. 
2. C o a d s o r p t i o n  o f  NO a n d  CO 

Figure 5 shows NO TDS spectra after 10 L NO ex- 
posure respectively on lhe sample pre-adsorbed with 
various CO exposures. The a-NO peak area is not in- 
fluenced almost by 1 L CO pre-exposure, but decreases 
slowly with CO pre-exposure more tha~l 1 L. And a-NO 
peak appears some what even on the surface of plati- 
num saturated by 50 L CO exposure [13]. it is consid- 
ered that the sites giving a-NO do not locate at the same 
positions as those giving a-CO, and that a-C() prevents 
a-NO from adsorption indirectly. The fact t ha  the peak 
position of a-NO shifts from 365 K to 35{) K with the in- 
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to ; (a)  0 L,(b) 10L,[c) 20 L,(d) 50L, 

(e) 100L, and (f) 300L.  

crease of CO pre-exposure can be explained by strong 
repulsion between a-NO and a-CO. Oil the other baud, 
the area offl-NO is decreased suddenly by 1 L CO pre- 
exposure and ,8-and 7-NO are almost disappeared by 
about I0 and 1 L CO pre-expc)sures, respectively. Tile 
decrease of ,8-NO peak area arises from direct blocking 
of fl-NO adsorption: by fl-CO aI~d fron~ CO_, forn~atiau 
with adsorbed CO. And 7-NO reacts with adsorbed CO 
producing CO> It seems that the increase of NO partial 
pressure shown in the end of each curve results from 
NO desorption caused by heating of tantalum wires and 
feedthrus supporting the sample. 

Figure 6 shows NO TDS spectra after 10 L NO ex- 
posure respectively followed by various CO exposures. 
in case of either CO pre-exposure or CO post-exp,osure, 
the effect of a-CO on a-NO is nearly identical. So. it is 
verified again that the sites giving a-NO are differei~l 
from those giving a-CO and that these two kinds of sites 
locale very closely each other. The adsurption ()f fl-NO is 
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Fig. 7. 
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Carbon dioxide  desorption spectra  af ter  

5 L NO exposure  on the CO-preadsorbed 

samples .  The amount of predosed CO is; 

(a) 1L,(b) 2L,(c) 3L,(d) 4L,(e) 51,, 

(f) 10L, and (g} 20L. 
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less effected by CO post-exposure than by CO pre- 
exposure. It is considered that pre-adsorbed ,8-NO mole- 
cules uccupy the sites r ,8-CO resulting in that the ef- 
fects of #-CO becunle small. The peak area of fl-NO 
decieases with nmch amount of CO post-exposure sug- 
gesting the displacement of #-NO by `8-CO and the reac- 
tion of/?-NO with ,B-CO. While, the peak area of a-NO 
decreases m,;re rapidly than that of `8-NO suggesting 
again that u-CO occupies different site from that for 
a-NO and that tile two lucate very closely each other. Su, 
strong repulsion between pre-adsorbed NO and newly 
entered CO is expected resulting in desorptiou of NO. it 
is k~owu Ihat NO and CO are unreactive,,n Pt(111) up 
to the desorptiuu temperature [19]. 
3. I n t e r a c t i o n  b e t w e e n  NO a n d  CO 

Figure 7 shows CO: TDS spectra after 5 L NO ex- 
posure respectively on the sample predosed to various 
CO exposures. The temperature where the rate of C Q  
formation is rnaximunl is 470 K, the `8-1',IO peak tem- 
perature. Although the peak area of a-NO is larger than 
that of,8-NO as shown in Fig. 2, the amou ~t of CO2 pro- 
duced by #-NO is much more than that by a-NO. This 
fact suggests again that a-and `8-NO are caused by 
Pt ( l l l )  and Pt(lO0), respectively. Adsorbed oxygen 
atom formed by NO dissociation reacts readily with ad- 
sorbed CO producing CO:. 

7iNure 8 shows the plot of the total amount of CO, 
des,orbed versus the arnuuut of CO pre-exposure. Tile 
amount of CO:~ increases greatly with 1 L CO pre- 
exposure aud shows a maxinmm in the range of 2-3 L 
CO pre-exp~sure, but decreases sharply with 4.5 G CO 
pre-expr Based on this, il is propc~sed that CO2 
ft~rlnati~,i? frr ~,xygeu and carbolt i/lOllOXide (;cctlrs via 
kaugnmir-Hinsl~etw~d nlechaIfisnl in which tile rate uf 
CO:: fomlations is maxinmnl in case (~f two, reactants ex- 
isting with an appnoriate ratir o~. the surface of catalyst. 
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Fig. 8. Total  carbon d iox ide  desorbed as  a fun- 

ction of preadsorbed CO. The amount  of 
NO exposure is 5L. 

The amount of CO., at tile first puint for 0 L CO pre- 
exposure is due to background CO. 

CONCLUSIONS 

1. The surface of polycD'stalline platinum used in this 
study consists mostly of Pt(111). Pt(100), and a small 
amount of high index steps. 

2. The a-CO pre-adsorbed at 300 K prevents indirectly 
mNO from adsorbing and the repulsive force bet- 
ween tile two is veo, strong. A little amount of a-NO 
adsorbs on the surface platiuum saturated by 50 L 
CO. 

3. The sites giving #-NO coincide with those giving 
#-CO and the adsorption of ,8-NO is entirely blocked 
on the surface predosed t{) more than 10 L CO. 

4. ,8-No reacts readily wi'th adsorbed CO producing C Q  
via Langnmir-Hinshelwood nlechanisn]. 
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NOMENCLATURE 

AES : Auger electron spectn,scupy 
EEL"; : electron energy loss spectrr 
ESCA : eleclmn spectroscopy for chemical analysis 
IRRAS : infrared reflectiun absr spectmscc, py 
K : kelviu(s) as a unit cd abs~lute temperature 
I. : langnmir(s) as a unit ~f exposure 
m/e : mass number, ratk} of rltass to charge in mass 

spectrusc~oy 
Pt(100), Pt(110), Pt(111): Miller index for the considered 

surface (of platinum single 
cD'stal 

TDS : thermal desorption spectroscopy 
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